Abstract. This paper presents the preliminary results of a novel rehabilitation therapy for cervical and trunk control of children with cerebral palsy (CP). The therapy is based on the use of an inertial sensor that will be used to control a set of serious videogames with movements of the head. Ten users with CP participated in the study, in the experimental and control groups. Ten sessions of therapy provided improvements in head and trunk control that were higher in the experimental group for Visual Analogue Scale (VAS), Goal Attainment Scaling (GAS) and Trunk Control Measurement Scale (TCMS). Significant differences (27% vs. 2% of percentage improvement) were found between the experimental and control groups for TCMS (p<0.05). The kinematic assessment shows that there are some improvements in active and passive range of motion, but no significant differences were found pre-and after-therapy. This new strategy, together with traditional rehabilitation therapies, could allow the child to reach maximum levels of function in the trunk and cervical regions.
Introduction
Cerebral palsy (CP) is a disorder of posture and movement due to a defect or lesion in the immature brain [1] . CP affects between 2 to 3 per 1000 live-births, reported for the European registers by the Surveillance of Cerebral Palsy European Network (SCPE) [2] , and there is a prevalence of three to four per 1000 among school-age children in the USA [3] . CP is the most common cause of permanent serious physical disability in childhood, and the prospect of survival in children with severe level of impairment has increased in recent years, [4] . CP is often associated to sensory deficits, cognition impairments, communication and motor disabilities, behavior issues, seizure disorder, pain and secondary musculoskeletal problems. CP can be classified according to different criteria: the distribution of the deficits, the gross motor function, the predominant abnormality, and other systems. The "Surveillance of Cerebral Palsy in Europe (SCPE): a collaboration of cerebral palsy surveys and registers" presented a consensus on the definition, classification and description of CP [5, 6] . Poor head and trunk control in CP produce limitations beyond function. In hypotonic CP infants (as in Fig. 1 ) they can be so severe that the infant may experience difficulty breathing or swallowing since effective oral functioning for feeding begins with attaining better head stability to improve jaw control [7] . Moreover, the head is responsible for the directional orientation of the special senses and its movements are influenced by the information these provide. It is not unexpected that certain disorders of the special senses may lead to unusual head movements and that disorders of head movement may force unusual conditions upon the special senses [8] .
Posture improvement is important not only because of functional reasons, but also to improve some secondary conditions related with health and social interaction. Kramer et al. [9] compared the semi-prone (SP) and sitting (SIT) training positions with respect to head control in children with CP, before and after 5 weeks biofeedback training using a head position trainer (HPT). They concluded that biofeedback training with a HPT can be effective in either the SIT or the SP positions, with improvement lasting at least 16 weeks after training is discontinued.
A program was recently developed to promote adaptive responses and upright head position in students with multiple disabilities (cerebropathy and spastic tetraparesis and their head tended to be tilted forward) through the use of micro-switch clusters (i.e., combinations of two micro-switches) during a stimulation period [10] . The study consisting in measuring their actual level of head control, that is, the length of time they kept the upright head position. The five students exposed to the program showed a significant increase in adaptive responses performed with head upright. A recent research investigated the head position correction using a commercial inertial product. Two subjects with severe multiple disabilities with spastic quadriplegic cerebral palsy with limited trunk and head control participated. Results showed significantly increased their time duration of maintaining upright head position to obtain the desired environmental stimulation [11] .
This study is presented as a proof of concept of a rehabilitation therapy for the improvement of head and trunk posture in children with CP based on active head exercises performed through serious videogames that will be accessed with an interface based on inertial technology. We aim to develop evidence-based criteria for the integration of these exercises into the traditional therapies and to determine their role in maximizing head control in children with CP. We hypothesize that the user can improve his/her head posture by using the ENLAZA interface based on the neuroplasticity and the capacity to learn new motor skills.
Background

Assessment of Cerebral Palsy
When assessing people with CP, many factors and the symptoms need to be monitored. The WHO International Classification of Functioning, Disability and Health (ICF) along with several other recent publications such as the SCPE have sensitized health professionals to the importance of evaluating the functional consequences of different health states. For ambulation, the Gross Motor Function Classification System (GMFCS) [12] has been widely employed internationally to group individuals with CP into one of five levels based on functional mobility or activity limitation. So has the bimanual fine motor function system BFMF [13] , or, in prospective studies, the Manual Ability Classification System MACS [14] . Most methods are subjective measures that classify the motor involvement on the basis of functional abilities. In milder cases, the assessment and conclusions may vary by the subjective examinations of various professionals. Therefore, a combination of significant motor developmental delay and abnormalities in the neurologic examination is required to make the diagnosis. A promising approach is the use of normal and abnormal general movement patterns. This method appears to have high sensitivity and specificity for the diagnosis of CP [15, 16] . Motion sensing, by means of MEMS inertial sensors a real scientific breakthrough in the medical field, where there is a need for small ambulatory sensor systems for measuring the kinematics of body segments [17] . As a result, inertial sensors have been chosen for different applications focused on people with motor disorders, such as the evaluation of clinical spasticity assessment (by measuring the range of motion) [18] and the quantification of standing balance by assessing displacement of the center of mass in CP [19] and clinical assessment of tremor in Parkinson [20] . 
Therapies and Treatments
Treatments for CP patients depend on the patient's presentation and range from physical therapy to medication and surgery. They follow these basic principles [21] : (1) emphasis on normalization of the quality of movement; (2) emphasis on functional activities, which focuses on the development of skills necessary for the performance of activities of daily living (ADL). Superior clinical results have been observed in children participating in this intervention [22] . The priorities in the management of CP are currently moving from traditional strategies focusing on promoting compensation towards new strategies aiming on restore motor function with the increasing evidence of neuroplasticity and motor learning theories. These strategies have a higher impact during early ages because of neuroplasticity, i.e. the ability of the neurons and other human brain cells to reorganize their structure and function after an injury, in response to different external and internal factors, including physical training [23] . Task-oriented therapies aim to improve the movement and the posture of the user with CP by the repetitive training performing a certain functional task. People with CP frequently show impaired limb, trunk and head control, which affect performances of ADLs. The majority of research in children with CP focuses on assessment and treatment of upper and lower extremities. In contrast, literature on trunk and head control in children with CP is scarce [24] .
3
The ENLAZA Human-Computer Interface (HCI) Raya et al. proposed the ENLAZA interface [25] , an adapted input device for users with severe motor disorders (especially CP) that cannot use traditional solutions such as mice, joysticks or trackballs to access the computer. ENLAZA allows users to control the cursor of the computer with movements of their heads and consists of a headset with a cap and an inertial measurement unit, IMU, (Werium S.L., Spain) that integrates a tridimensional (3D) accelerometer, a 3D gyroscope and a 3D magnetometer mounted on a commercial helmet. A calibrated IMU measures 3D acceleration (caused by motion and gravity), 3D angular velocity and 3D earth magnetic field. A data fusion algorithm presented in [26] estimates the IMU orientation and enables measurement of inclination changes less than 1.0° and 1°-2° heading accuracy.
The user wears the ENLAZA device at the beginning of the experiment. After wearing the device, the calibration procedure starts. This procedure consisted of maintaining the head in front on the computer screen (zero position) and calibrate angular rotation required to reach the horizontal and vertical bounds of the screen. Once calibrated for the first session, it is not necessary to repeat it for the next sessions.
For the purpose of this study, the mouse pointer is controlled with an absolute control, meaning that there is a unique mapping between head orientation and location of the pointer. After a calibration process, all pixels in the screen are reachable for the user's Cervical Range of Motion, CROM. During the calibration, a therapist adjusts the gain of the transfer function that translates the orientation of the head into a location of the pointer on the screen. A Robust Kalman Filter (RKF) [27] was developed to facilitate fine motor control based on the characterization of involuntary movements found in users with cerebral palsy. In addition, the designed software captures data used to assess performance in the task. In particular, the application captures the positions of the mouse pointer and target during the session.
Methodology
Five users with CP from the "Fondazione Santa Lucia" (FSL, Rome, Italy), a center specialized in the treatment of CP participated on this study. The inclusion/exclusion criteria can be found in Table 1 . Participants wore ENLAZA and played serious videogames. Six videogames have been specially designed and developed in C# and the framework .NET 4.0 to be played with the ENLAZA interface, and another set of six commercial off-the-shelf videogames have been adapted to be played with this system. These videogames gather the following characteristics: -Cognitive capacity and behavior appropriate to understand the tasks and follow simple instruction and active participation in the study, -Cervical surgery within the previous 6 months.
-Signed written informed consent by parents or legal guardian.
-Inability to control the ENLAZA system during the first testing session. -Medically stable.
-Severe visual limitations  Fun and systematic.  Visual and auditory feedback  Clear objective for the user: Task and duration.  Different levels of difficulty.  To use colours or images to represent abstract concepts as time.
Another 5 users with CP were recruited for the control group. They followed the traditional physical and occupational therapy.
Assessment of Head Posture
We propose a kinematic and functional analysis of the improvement hypothesized.
Kinematic assessment.
We will use ENLAZA to measure (1) the CROM, i.e. flexion-extension, rotations and lateral flexion, during active movements directly performed by the child and (2) the CROM during passive mobilization of the therapist .
Functional assessment.
The outcome measures to measure the head posture improvement will be:
 Gross Motor Function Measure-88 (GMFM-88). We will use the items 21 and 22 depending on the child's skills [28] . They assess whether a child can lift and maintain his/her head in a vertical position with trunk support by a therapist while sitting.  Visual Analogue Scale (VAS). VAS is a valid scale that consists of a line of 100 mm separating two labels: 0="No head control" and 10= "Perfect head control". We asked parents, children and therapist to put a cross on the line of 100mm separating these two labels to indicate on the VAS the level of head control of the children.  Goal attainment scaling (GAS). GAS allows the therapist to program a desired improvement and to judge if the child achieved it (the fact that the goal is chosen by therapist made this scale very sensitive). Goal 1 will be related to head movement, and goal 2 will be optional and related to choking/swallowing, if the child has daily trouble swallowing.
Data Analysis
Mean and standard deviation have been used for the description of clinical scale scores. Percentage improvement has been evaluated as (post-and pre-value ) / prevalue*100. Non parametric inferential statistical tests have been used: in particular the Wilcoxon signed ranks test was used for within group analyses in order to compare clinical scores at T0 and T1, whereas the Mann-Whitney u-test was used for the between group comparisons at T0 and at T1, separately. The alpha level of statistical significant threshold was set at 0.05 for all the analyses. Tables 2 and 3 show the mean clinical scores pre and post intervention. The changes resulted statistically significant in terms of control of the head (p=0.034), visuomotor control assessed by GAS-score (p=0.043) and TCMS (p=0.042). The gross motor functioning slightly improved but the value of p did not achieve the statistical significant threshold (p=0.048). The items 21 and 22 of GMFM-88 remained unaltered both in experimental as well as in control group.
Results
Functional Assessment
For the control group, statistically significant improvements occurred in terms of head control (p=0.046) and visuomotor control (p=0.042), but neither in terms of trunk control (p=0.317) nor of gross motor functioning (p=0.317). It implied that the improvement of trunk control was significantly higher in Experimental Group with respect to Control Group (about +27% vs. +2%, respectively, as reported in Table 3 and Fig. 3 ). The other percentage changes, despite quite higher in experimental group, were not statistically different between the two groups. 
Kinematic Assessment
The ranges of motion measured before and after the therapy showed a rise of AROM in all three movements. The percentages of increment were +20%, +38% and +85% in order to achieve 93º, 90º and 145º for active flexion-extension, lateral flexion and rotation, respectively. Unfortunately, no statistically significant differences were found (p=0.18, p=0.62, p=0.43). The passive range of motion, PROM, presented smaller changes: an increment of +5% and +57% to achieve 77º and 140º of passive lateral flexion and rotation. Passive range of motion during flexion experienced a small reduction (-6%) and decremented from 86º to 81º. Once again, no statistical significance was found (p=0.43, p=0.62, p=0.43).
Discussion and Conclusion
We found improvements in four metrics (VAM, GAS, TCMS and GMFM-88) in the experimental group, although they were not significant for GMFM-88. The improvements were generally better for the experimental group and significant differences were found in TCMS between the groups. The percentage of improvement in trunk control is indeed remarkable and shows the potential of this kind biofeedback in rehabilitation therapies. Despite the lack of statistical significance in the improvements, the values AROM and APROM for flexion, lateral-flexion and extension after 10 work sessions are closer to the physiologically normal ROMs, i.e. 90º, 160º and 90º for flexionextension, lateral flexion and rotation. We proved a therapy for the rehabilitation of head and trunk motor control with inertial sensors and serious games as a complement to traditional therapies is possible, and that the improvements of this novel therapy are better that those achieved with traditional therapies alone. In future experiments, we will recruit a larger group in a multi-center study in order to look for greater significance in the functional and kinematic evaluation.
